Abstract: Canova is a homeopathic compound that presents antimutagenic and anticancer properties. N-methylnitrosourea is a carcinogenic agent that causes alterations on DNA. This study was conducted to evaluate the antimutagenic effects of Canova on Cebus apella non-human primates treated with N-methyl-nitrosourea. Six animals were randomly assigned in two groups, one composed by two animals, who received only N-methyl-nitrosourea (NMU group) and another one consisting on four animals treated with N-methyl-nitrosourea followed by Canova treatment (CA group). Body weight, biochemical and hematological analysis were performed. Micronuclei test and Comet assay were carried out to evaluate genotoxicity. N-methyl-nitrosourea treatment led to an overall reduction in the hematologic cell count and the administration of Canova limited the adverse effects in the hematologic system on CA group. Canova also reduced micronuclei frequency and the DNA damage index. It suggests that Canova may have a role as an immune response modulator by inducing leukocyte proliferation.
Introduction
Canova (CA) is a complex homeopathic immune response modulator indicated for patients with depressed immune system. CA activates macrophages both in vivo and in vitro and indirectly induces lymphocyte proliferation [1] . Experiments in vivo and in vitro point out that treatment with CA can cause tumor size reduction and regression in animals, and can also recover cells viability after they were damaged [2] . NMU was successfully used as an inductor of gastric carcinogenesis in Cebus apella and the treatment with CA was able to restore several hematologic measurements in those animals, suggesting that CA can be used during/after chemotherapy to increase the tolerability and duration of anticancer treatments [3] . Thus, the aim of the present study was to evaluate possible protective effects mediated by CA against the genotoxicity caused by oral MNU ingestion in non-human primates of the specie Cebus apella.
Materials and Methods
Canova: CA was purchased from suppliers authorized by the Brazilian Health Ministry. The final product contains Aconitum napellus dH20, Apis mellifica dH19, Arsenicum album dH17, Asa foetida dH20, Baryta carbonica dH20, Bryonia alba dH14, Calcarea carbonica dH20, Conium maculatum dH16, Ipecacuanha dH13, Lachesis muta dH18, Lycopodium clavatum dH20, Pulsatilla nigricans dH13, Rhus toxicodendrum dH17, Ricinus communis dH14, Silicea dH18, Thuya occidentalis dH16, Veratrum album dH20 and less than 1% ethanol in distilled water. Experiments were performed with commercial CA donated by 'Canova do Brasil' (www.canovadobrasil.com.br) . Our research group has previously demonstrated that CA treatment does not induce cytotoxic or genotoxic effects at chromosomal level [4] . Animals: Six male adults of Cebus apella (6-8 years old, ranging 2.8-3.7 kg) were included in this study. Animals were identified with microchips and were individually housed in Centro Nacional de Primatas, Pará State, Brazil. The animals were fed with a healthy balanced diet not enriched with sodium chloride. Water was restricted during MNU treatment and given ad libitum after MNU treatment.
This study received the approval of the Ethics Committee of Universidade Federal do Pará (MED002/2007). According to basic veterinary examination, all animals were considered healthy at the time of the first blood sampling.
Animal Evaluation: During the treatment period, body weight was determined and peripheral blood was collected daily. Chemistry analysis included glucose, urea nitrogen, creatinine, albumin, total bilirubin, cholesterol, triglyceride, alanine aminotransferase and inorganic phosphorus. The hematologic parameters analyzed included red blood cell count, platelet count, white blood cell (WBC) and differential (segmented neutrophil, lymphocyte, monocyte, eosinophil and basophile) counts. Methods and reference values for adult animals were previously described [5] . For this study, we used the serum values of days 0 (before the drug treatment), 30, 60, 90, 240, 242, 244, 246 and 270. All animals were carefully monitored to avoid pain signals, discomfort, stress or infections before, during and after drug injections. Allergic and toxic chemo-related reactions were also evaluated, including the analysis of chromosomal aberration and DNA damage due to MNU effects.
Experimental Design: The animals were randomly assigned in two groups, who didn't differ on baseline measurements. The first group was composed by two animals receiving MNU (control group). The second group consisted on four animals treated with MNU followed by CA (CA group). The CA group received three injections of 1. binucleated cells using the criteria described elsewhere [6] .
Cell Viability and Alkaline Comet Assay: Before comet assay, the cell viability was analyzed by trypan blue exclusion. Cells of whole blood were stained with 0.25% (W/V) trypan blue (T8154 SigmaAldrich, USA). The unstained (viable) cells were counted under light microscopy. 100 cells were counted to determine the percentage of viable cells excluding trypan blue. All samples presented cell viability greater than 75% and were used for comet assay.
Alkaline comet assay was performed as described by Singh et al. [7] , with minor modifications. 
Results
The present study began with six animals. However, three animals died due to MNU intoxication on days 110, 134, and 140. These animals showed the typical symptoms of intoxication: mydriasis, confusion, sleepiness, giddiness, loss of balance, tremor, hyperthermia, low food consumption, nonspecific gastrointestinal symptoms (diarrhea and vomiting), urinary retention, cutaneous eruptions and caustic and ulcerative oral lesions. They also presented renal, hepatic and respiratory failure, hypokalemia, chronic cholecystitis, steatosis, elevation of alanine aminotransferase, bilirrubin and creatine levels. Thus, for the second phase of the present study, we only had a restricted number of animals to evaluate CA effects and only a descriptive analysis was possible between days 240-270. No tumor was observed in the three surviving animals during the 4 months after this study. (Table 2 ). According to the normal levels of C. apella serum chemistry values [5] , all animals presented an abnormally elevated inorganic phosphorus after day 90 (dead animals) or day 240. All animals also presented an abnormally elevated level of alanine aminotransferase. A slightly increase of total bilirubin level was observed in the dead animals at day 90. The only surviving animal of the control group presented an abnormal increase of urea.
Before and during the MNU treatment, no biochemical parameter was significantly different between the CA and control groups.
Concerning hematologic analysis, we observed a significant reduction in erythrocyte (P=0.0004), leukocyte (P=0.0004), lymphocyte (P=0.0007) and neutrophil (P=0.0004) counts during treatment with MNU ( Table 2) . Before treatment and during MNU treatment, no hematologic value was significantly different between the CA and the control groups. However, according to the normal levels of C. apella hematologic values [5] , only the surviving animal of the control group MNU treatment, we observed that the erythrocyte count increased with CA treatment. Moreover, we also observed that CA contributes to a fast increase in leukocyte count, including the lymphocytes and neutrophils. We also observed a significant increase in MN frequency (P=0.0004) and DNA DI (P=0.0004) with MNU treatment (Table 2) . Before treatment and during MNU treatment, no significant difference between the CA and control groups was observed concerning MN frequency and DNA DI. However, we observed that the surviving animal of the control group presented an elevated frequency of MN and DNA DI after MNU treatment and, on the other hand, the animals of the CA group presented a decline in these parameters due to the homeopathic medicine. Fig. 1 shows the inorganic phosphorus, urea nitrogen, alanine aminotransferase and total bilirubin levels, leukocyte, lymphocyte, neutrophil and erythrocyte counts, MN frequency and DNA DI observed in the CA and control groups during a 270 day period. 
Discussion
Abud et al. [8] reported that CA-activated macrophages induced the production of lymphocytes and erythrocytes. Our group also previously observed that CA induces macrophage activation and indirectly leads to lymphocyte proliferation in vitro [1] . CA activated macrophages present an increase in the intracellular activity of the NAD(P)H oxidase and Nitric Oxide Sintetase (NOS) enzymes, therefore stimulating the production of reactive oxygen species (ROS) and nitric oxide, which might induce gene expression and/or protein modification that are likely to be an alternative signaling pathway to activate other macrophages, favoring the immune response [9] .
A direct correlation was observed between the frequency of MN and DNA DI (P<0.0001, r=0.9515). Lymphocyte count was inversely correlated to MN frequency (P<0.0001, r=−0.6447) and to DNA DI (P<0.0001, r=−0.7432).
The reduction in the DNA DI parameter indicates that CA has a rapid antigenotoxic action against the intense genotoxic damages caused by NMU [10] ; the DNA ID induced by NMU in day 240 reduced to a basal 6 level in the animals treated with CA only one month after the NMU treatment was discontinued. A reduction in the MN count was also significant in the animals treated with CA. The reduction of these alterations was significantly correlated with an increase in lymphocyte count, which was observed in the CA group. Thus, the reduction of chromosomal and genetic alterations may reflect the presence of a mixed population of lymphocytes. We hypothesize that the CA group may present older lymphocytes which were exposed to MNU and new lymphocytes.
In conclusion, we suggest that CA may have a role as an immune response modulator by inducing the proliferation of leukocyte and erythrocyte progenitors in the bone marrow. We also suggest that CA can protest against NMU-mediated genotoxicity increasing the count of healthy cells in the bloodstream. Further investigations with a large number of animals are necessary to evaluate whether CA could be used in anticancer treatments to restore the hematopoietic system during/after chemotherapy.
